The ®rst collaborative workshop on crystal structure prediction (CSP1999) has been followed by a second workshop (CSP2001) held at the Cambridge Crystallographic Data Centre. The 17 participants were given only the chemical diagram for three organic molecules and were invited to test their prediction programs within a range of named common space groups. Several different computer programs were used, using the methodology wherein a molecular model is used to construct theoretical crystal structures in given space groups, and prediction is usually based on the minimum calculated lattice energy. A maximum of three predictions were allowed per molecule. The results showed two correct predictions for the ®rst molecule, four for the second molecule and none for the third molecule (which had torsional¯exibility). The correct structure was often present in the sorted low-energy lists from the participants but at a ranking position greater than three. The use of non-indexed powder diffraction data was investigated in a secondary test, after completion of the ab initio submissions. Although no one method can be said to be completely reliable, this workshop gives an objective measure of the success and failure of current methodologies.
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Introduction
Two major challenges appear to confront the predictive ability of theoretical and computational chemistry today: one is protein folding and the other is crystallization of organic compounds. There are obvious similarities. Both involve delicate balances between attractions and repulsions at the atomic level, between potential energy and entropic contributions to the free energy, and between thermodynamic and kinetic factors. Blind tests on the folding of proteins have been conducted in recent times (Orengo et al., 1999) . Here we report on a similar venture in crystal structure prediction (CSP) carried out in two stages in 1999 and 2001. Although early lack of progress in CSP was termed a`continuing scandal' in Nature in 1988 (Maddox, 1988) , and in spite of isolated claims of minor victories, the problem is now generally recognized to be much more dif®cult than had been apparent. It is now seen to be not so much a matter of generating stable crystal structures but rather one of selecting one or more from many almost equi-energetic possibilities. Our successes and failures point the way to a better understanding of the polymorphism phenomenon and also have practical implications for crystal engineering and design.
Approach and methodology
This paper reports on the results of a second blind test, known as CSP2001, which was part of a collaborative workshop held at the Cambridge Crystallographic Data Centre (CCDC) in May 2001. The results of the ®rst blind test, CSP1999, have already been published (Lommerse et al., 2000) . The arrangement of the blind test was as in CSP1999. Personal invitations were sent to about 25 researchers known to be active in the ®eld and a total of 18 individuals agreed to participate. The list of unpublished structures was collected by personal contacts with about 30 laboratories known to be active in the small-molecule ®eld. To give a reasonable chance of success within the practical computation limits of known computer programs, the maximum number of atoms including H atoms was set as 40; the space group was required to be in one of the ten most frequent as recorded in the Cambridge Structural Database (CSD) (Allen & Kennard, 1993) , i.e. P2 1 /c, P " 1, P2 1 2 1 2 1 , C2/c, P2 1 , Pbca, Pna2 1 , Cc, Pbcn and C2 (in CSD frequency order); there should be one molecule per asymmetric unit and no solvent molecules or co-crystals. It was speci®ed to the experimentalists that there should be no disorder, and the positions of all H atoms should be located experimentally. There were three categories of perceived dif®culty for prediction:
(i) rigid molecule with only C, H, N and O atoms, less than 25 atoms, (ii) rigid molecule with some less common elements (e.g. Br), less than 30 atoms, (iii)¯exible molecule with two degrees of acyclic torsional freedom, less than 40 atoms.
An independent referee, Professor Tony Kirby, University Chemical Laboratory, Cambridge, was asked to select one molecule from each category and, if possible, to avoid molecules likely to be of near-planar conformation, as this turned out to be a bias in the CSP1999 selection. The referee had no access to the space group or crystal structure information, only to a list of chemical diagrams. The selected three chemical diagrams, IV, V and VI (Fig. 1) , were sent by e-mail to the participants on 11 October 2000. The participants were asked to submit a maximum of three prediction structures for each molecule to the referee by midnight of 25 March 2001, with reasons for their selection and presentation in order of con®dence. These are referred to in this paper as the`ab initio predictions'.
An optional secondary test of prediction was also arranged, where the participants were supplied with simulated X-ray powder diffraction patterns for each molecule as extra information. They were given a second deadline date of 11 April 2001. The patterns were generated by CCDC after obtaining the experimental coordinates from the referee on 26 March 2001. These secondary submissions are known as the`powderassisted predictions' and are given in a separate section towards the end of this paper. On 12 April 2001, the experimental crystal structures were released to all participants, giving some time for post-analysis and preparation for the workshop meeting held in Cambridge on 10±11 May 2001.
To assist the reader in assessing the overall success and failure rate in these tests, the results of the CSP1999 workshop have been included in this paper. The full list of molecules for both workshops (Fig. 1) , the full range of computer program methodology (Table 1 ) and a summary of the results (Table 2) are given as combined tables for CSP1999 and CSP2001.
Methodology
Methods in the CSP tests are summarized in Table 1 . Comprehensive reviews of computer methodology for crystal structure prediction have been published where many references are given to detailed publications (Gdanitz, 1997; Verwer & Leusen, 1998) . All the methods involve three stages:
(a) construct a three-dimensional molecular model either by molecular mechanics methods or by analogy with other CSD structures;
(b) search through many thousands of hypothetical crystal structures built from the trial molecule in various space groups, including some searches that did not assume symmetry constraints;
(c) select structures according to some criterion, usually the calculated lattice energy.
The search algorithms are quite diverse, and force ®elds range from simple transferable atom±atom potentials to elaborate computer-intensive models for the electrostatic and other contributions to the intermolecular potential. One or two models included explicit allowance for polarization effects. The most common selection criterion is the global minimum in lattice energy, and the most important discovery for CSP within the past decade is the recognition that many discrete structural possibilities exist within an energy window of only a few kJ mol À1 above the global minimum. For example, for acetic acid there are about 100 calculated structures within 5 kJ mol À1 (Mooij et al., 1998) , although only one polymorph at ambient pressure has been found experimen-
Figure 1
The molecular diagrams given to the participants in the CSP workshops (I±III, VII for CSP1999; IV±VI for CSP2001). Experimental structures references: I (Boese & Garbarczyk, 1998) , II (Blake et al., 1999) tally. Most search methods included the`correct' structure somewhere in the list, but it was frequently not the structure with the lowest lattice energy. Besides, small changes in the potentials can reshuf¯e the energy ordering. Most calculated structures are`temperature-less' in the sense that no temperature is speci®ed in the computational procedure, but some include estimates of the free energy. There are also attempts to use pattern recognition based on the Cambridge Structural Database of experimentally determined molecular crystals. Although the importance of the kinetic aspects of crystal nucleation and growth is widely recognized, they remain largely unexplored.
Overview of results
The submitted results for the ab initio predictions are given for molecules IV (Table 3) , V (Table 4 ) and VI (Table 5 ). For the combined tests CSP1999 and CSP2001, the correct predictions are summarized in Table 2 . Since there were so many contributors who worked independently, it was thought best to provide ®rst an overview of the results (x4) and some general conclusions (x6). In the supplementary material, 1 we provide details of calculations and discussions prepared by each participant, under a named author subsection.
Description of the experimental structures
A few comments on the experimentally determined structures are now given to demonstrate some of the challenges of prediction.
Compound IV (Howie & Skakle, 2001) , in P2 1 /a, shows hydrogen bonding in the packing diagram in Fig. 2 . Inspection of related molecules in the CSD ± those containing the CHÐCOÐNHÐCOÐCH group in a ring system, with no other strong hydrogen-bond donors or acceptors ± shows both dimer R2,2,(8) and catemer S1,1,(4) hydrogen-bond motifs (Allen et al., 1999) . The observed hydrogen-bond motif is a catemer, ÐNHÁ Á ÁOCÐ mediated by the glide-plane operator in the a direction, and is almost exactly planar with N and O deviations of ca. 0.15 A Ê from the least-squares plane through the C, N, O and H atoms. The NÐHÁ Á ÁO distance of 1.973 A Ê is typical from CSD surveys, with almost optimal geometry: angles NÐHÁ Á ÁO = 171 and HÁ Á ÁO C = 129 , calculated using a normalized neutron NÐH distance of 1.009 A Ê . The Table 2 Summary of successful predictions.
The experimental structures are labelled Expt and printed in bold. For the experimental structures, P gives the number of successful predictions, and for the predicted structures, P is the order of con®dence in the three submissions allowed. RMSD-Pack is the calculated r.m.s. deviation of the non-H atom positions from experimental positions. The decision as to a correct solution has been based on a visual assessment of the packing diagrams. ² Williams submitted a structure in space group Cc, which is an error. If ignored, this makes the rank P = 2. ³ Correct packing but a large value 0.777 is due to molecular conformation differences because of an inadequate force ®eld. § Although strictly speaking not allowed within the rules of the blind test, this result was the global minimum within chiral space groups. Structures in centrosymmetric space groups for the racemate were submitted in error. other carbonyl O takes no part in hydrogen bonding. It was noted that there is a rather short intermolecular HÁ Á ÁH contact of 2.118 A Ê between methylene groups related by a crystallographic centre of symmetry, but such contacts are found in some CSD structures of rather similarly sized molecules (e.g. AZTCDO10 2.199, BADNUP 2.157, 2.178). Compound V (Fronczek & Garcia, 2001) , in P2 1 2 1 2 1 and known in advance to be a pure enantiomer, has no strong hydrogen-bonding groups, and the packing diagram ( Fig. 3) does not show any particularly dominant group±group interactions. Intermolecular contacts are normal compared to similar molecules in the CSD; the O atoms have several CÐHÁ Á ÁO contacts (2.365, 2.381, 2.425, 2.593, 2.646 A Ê ) substantially below the van der Waals radius sum. The Br atoms show no close contacts but do form a BrÁ Á ÁBr chain distance of 4.427 A Ê using the screw axis along a. The ®vemembered ring containing S and N is infrequent in the CSD, but there is an entry for the de-brominated compound ROLBOJ, which has a similar ring conformation.
Figure 2
Compound VI (Hursthouse, 2001), in P2 1 /c, is strongly hydrogen bonded ( Fig. 4) , forming a ribbon network running in the b direction mediated by the screw axis. It is notable that all donor H atoms are satis®ed, and all acceptor O and N atoms are involved. It was observed that the bond lengths appear to be of low accuracy, despite the excellent hydrogen-bonding scheme, and subsequent communication with the laboratory revealed that there was a problem with very small crystals and a very low number of collected intensities. It was requested that a constrained re®nement be made using the known phenyl geometry and isotropic temperature factors. The coordinate differences between the ®rst and second re®nements do not invalidate the accuracy of the packing arrangement for the purposes of this blind test. Apart from the two¯exible torsional angles, an additional dif®culty for CSP was that the SÐN CÐN con®guration might be either cis or trans.
Comparison of calculated structures with experimental
A preliminary inspection of the submitted results using standard visualizer programs quickly revealed that many structures were completely different from the experimentally determined ones. The structures that visually seemed to show the same packing arrangement and similar cell dimensions were generally easy to accept as`correct' as regards the overall packing arrangement. As in the CSP1999 test, we used the comparison method by Lommerse (Lommerse et al., 2000) to compare the molecular coordination shell and derive an r.m.s. deviation for the non-H atoms for all atoms in the reference molecule and its 12 neighbours (RMSD-Pack; these calculations were performed by Lommerse before the workshop event). The lists of unit cells, space groups and RMSD-Pack are given for molecules IV (Table 3) , V (Table 4 ) and VI (Table 5) .
For correct structures in CSP1999, this ®gure was found to be in the range 0.163±0.525 A Ê . In practice,`incorrect' structures show such a large RMSD that there is no problem in deciding; in this test, the range for correct structures was 0.200±0.364 A Ê . Only one case was found where there was a dif®cult decision, with a larger RMSD of 0.777 (van Eijck structure V, rank 1). This structure has the same symmetryrelated 12 neighbours in the molecular coordination shell as Packing diagram for V. There is no strong hydrogen bonding, but several CÐHÁ Á ÁO contacts are apparent. All contacts less than the sum of the van der Waals radii are shown.
Figure 4
Packing diagram for VI. the experimental structure, and the higher RMSD is explained by the fact that the intramolecular force ®eld was unable to reproduce the correct puckering of the ®ve-membered ring. At the workshop discussion, it was decided that a more detailed comparison of submitted structures to the experimental structures would be of interest. Also those participants who had energy-ranked lists of structures (lowest energy is rank 1, next rank 2 etc.) were invited to contribute these to identify whether a match with the experimental structure could be found at a rank higher than 3. The comparison results for molecules IV, V and VI are given in Tables 6, 7 and 8, respectively, and these tables allow a comparison of how accurately the different force ®elds reproduced these structures. The ab initio submissions are given ®rst in each table, followed by higher-ranked structures from the lists with energy differences from the lowest value. In some cases where the structure was not found in the energy list, authors have presented a`minimized experimental' (ME) structure, using their relevant force ®eld to test how well the force ®eld does describe this energy minimum. In these cases, the structure has no rank in the list, but the symbol ME is given.
This detailed comparison of structures with the experimental reference was performed after the workshop by Dzyabchenko, using the program CRYCOM (Dzyabchenko, 1994) . The ®rst step was to bring each pair of structures (target and reference) to the same space-group setting whenever they were not the same. Atom connectivity matching was automatically carried out by the CSD program GEOM78. The rigid-body parameters (i.e. the centre of mass coordinates and the three Euler angles of both molecules) were calculated with Table 3 Submitted results for molecule IV.
Results are presented in the space-group settings as submitted. Correct predictions are given in bold type. RMSD-Pack is calculated by the Lommerse method and is only given when a meaningful ®t could be found within a certain tolerance.
Name
Space group reference to a de®ned set of molecular axes. These six parameters together with the unit-cell parameters were used as the basis for comparison. The target structure (i.e. the prediction structure) was matched against the reference experimental structure with all equivalent descriptions (ED) of the former taken into account. These ED were generated from the original one by changing the direction and the origin of the unit-cell axes in all possible ways compatible with the given space group; these are given by the so-called af®ne normalizer group derivative for the space group. Whenever assignment of local axes allowed ambiguity because of molecular symmetry (as in compound IV), the list of ED was further expanded by virtue of the pointgroup operations.
For the¯exible molecule VI, the comparison involved consideration of sets of rigid-body parameters of three constituent fragments: SO 2 , the phenyl and the remaining hetero-N-aromatic group. Each fragment was treated independently as if it were a single rigid molecule, with its particular point-group symmetry taken into account and with a common condition that the cell transformation and origin shift are the same.
As a result of this rigid-body treatment, the deviations in the cell dimensions, the net centre of mass translation and the Table 4 Submitted results for molecule V.
Results are presented in the space-group settings as submitted. Correct predictions are given in bold type. RMSD-Pack is calculated by the Lommerse method and is only given when a meaningful ®t could be found within a certain tolerance. net rotation angle of the molecule (or each of the rigid fragments in molecule VI) were determined. In addition, an alternative method of comparison was performed in an atom±atom matching mode, where each atom of the molecule was formally treated as an independent fragment, with rotation ignored. This automatically resulted in fully standardized lists of coordinates where respective atoms of both reference and target occur in the same order. These lists were then used to calculate the RMSD (packing and molecular) and the torsion angles in molecule VI.
The full list of all experimental and submitted structure coordinates, authors' calculated energies, comments on selection criteria, and comparisons of standardized sets of coordinates with the experimental structures is provided as supplementary material. This supplement also contains a personal account by each author of their procedures and discussion of their criteria for selection.
Overall success rate
The crystal structure of molecule IV was predicted correctly in two cases out of 15 submissions, with energy ranking of 2 and 3, respectively. This might be an unexpectedly poor success rate, since we have a rigid molecule with limited element types (C, H, N, O) and the hydrogen-bonding empirical parameters for NHÁ Á ÁO C have been studied and developed over many years. Nevertheless, it is noteworthy that hydrogen bonding was not treated explicitly in the two correct predictions for molecule IV. In CSP1999, the comparable structure (I in Pbca) was correctly predicted four times out of 11 submissions, with energy ranks 1, 1, 1 and 3. If the rule had been relaxed in 2001 to allow ®ve predictions using energy ranking, there would have been three more correct predictions allowed (see Table 6 ). If we had allowed only one prediction then in fact no-one would have succeeded! Examination of energy differences shows that within the ®rst three ranks we are dealing with a range of only 0.5 kJ mol À1 (Leusen) and 1.0 kJ mol À1 (Mooij), which is certainly within the error of the energy calculation. Other predictions showed a range of only about 2±8 kJ mol À1 , which is of the same order as the uncertainty caused by neglect of entropy.
The crystal structure of molecule V was predicted correctly four times out of 15 submissions, with energy ranks 1, 1, 1 and 3. As mentioned already, the structure submitted by van Eijck is correctly packed, but the RMSD is higher because of differences in the molecular conformation, so it can be counted as a correct prediction of the packing structure. This compound containing Br required signi®cant work in order to model the contribution of Br to the intermolecular forces Table 5 Submitted results for molecule VI.
Results are presented in the space-group settings as submitted. There were no correct predictions. RMSD-Pack is calculated by the Lommerse method and is only given when a meaningful ®t could be found within a certain tolerance.
Name
Space group Table 6 Molecule IV: comparison of predicted structures with the experimental structure.
(a) Cell data sa, sb, sc and s are relative deviations (Cal À Exp)/Exp in percents. E-rank refers to the order in the sorted list of ascending energy values by this author. ME means minimized experimental coordinates. ÁE is the energy difference from the lowest-energy structure in the list found by this author.
Structure
Choice or E-rank prediction in 11 submissions. The equivalent category of molecule VI in CSP1999 was in fact correctly predicted once in 11 submissions. The dif®culty with VI is presumably in the sensitivity of empirical hydrogen-bonding potentials to small movements in the HÁ Á ÁN distance and, in the case of those models using multipole electrostatics, the fact that the electrostatics vary with molecular conformation. Table 8 shows the post-analysis energy minimum comparison results, where in some cases the correct structure was found but at a very high energy rank (viz. 54, 79 and 340), and in other cases the correct structure did not appear at all in the list. It is interesting to see that the ME results show that the correct structure has an energy minimum with the various force ®elds with only quite small distortions.
Comparison of energy minima
It was noticeable that several groups submitted incorrect structures that were very similar, and a summary of these coincident energy minima for the ab initio submissions is given in Table 9 for molecules IV and V, again prepared by Table 7 Molecule V: comparison of predicted structures with experimental structure.
(a) Headings as Table 6 . An E-rank ME means minimized experimental coordinates. Cell parameters a, b, c and their percentage deviations sa, sb, sc of calculated versus observed are given. ÁE is the energy difference to the lowest-energy structure.
Structure
Choice or E-rank Dzyabchenko using CRYCOM. The comparisons show an interesting convergence of different programs and force ®elds on the same minima, and the table shows the positions of such minima when they occurred at least twice in the total set of submissions (minima that occurred just once are omitted).
Since no minimum can be considered as de®nitive, and these minima are not necessarily for the correct experimental structure, an arbitrary choice was made as a reference, so that the differences could be tabulated within each group. It can be seen that some minima have a quite small range of t, especially minimum m1, with maximum t = 0.097 A Ê and 3 = 3.0 . Cell dimensions differences are generally less than 6%. It might be concluded from this comparison that there are some well de®ned low-energy crystal packings that can be found for a wide variety of force ®elds. The frequency of ®nding a particular minimum (the number of coincidences) does not predict the most likely polymorph. It might be thought that these sets of coincident minima, such as m1 and o1 for molecule IV, represent likely alternative experimental polymorphs that could be obtained by different crystallization conditions. This might indeed be the case, and we invite experimentalists to search for other polymorphs. However, the frequencies of coincidences could re¯ect similarities in the search paths taken by the various programs exploring the energy surface; this is a mathematical construct of ®tting a molecule into a given cell`box' with prede®ned space-group symmetry, which is acknowledged as having no physical reality in the crystallization process.
Secondary test using simulated powder diffraction data
A secondary test was arranged to challenge the performance of CSP programs in the frequently encountered real-labora-
Motherwell et al. Crystal structure prediction 657 research papers Table 8 Molecule VI: comparison of predicted structures with experimental structure.
(a) Cell data dimensions and their differences from experimental structure, sa, sb, sc and s, expressed as percentages of a, b, c and . An E-rank ME means minimized experimental coordinates. Assignment of various energy minima showing coincidence of predictions by more than one participant.
The`correct' prediction minima are highlighted in bold. The column headed Choice re¯ects the ranking 1, 2 or 3 as given in the submission and does not always correspond to the absolute energy ranking. Minimum gives a label to each minimum for discussion elsewhere. t is the difference in centre of mass coordinates, and 3 is the rotation angle. The cell dimension differences, sa, sb, sc and s, are expressed as percentages of a, b, c and .
Author
Choice or (David et al., 1998; Engel et al., 1999) . Most of the programs currently available for this real-space structure solution method will have no dif®culty with rigid molecules or twō exible torsions. Therefore an expectation of any such test was that the participants would not index any supplied powder pattern but would rely only on pro®le comparison to select the correct structure from their low-energy lists.
It was not practical within the time schedule of CSP2001 to obtain real-laboratory X-ray powder diffraction data for the compounds IV, V and VI, although this would have been the ideal test. Instead, the CCDC arranged for a simulated powder pattern to be calculated from the experimental single-crystal coordinates after they were released by the referee on 26 March. The simulated patterns were given a reasonable amount of peak broadening, random noise was added and a laboratory background was added from other data collections. These patterns were provided to participants who had then approximately two weeks to work on their selections before the true coordinates were released. This optional test resulted in a total of 18 submissions, known here as the`powderassisted' results. The successful predictions are included in Tables 6, 7, 8 and 9. The simulated powder patterns and all submitted coordinates with authors' comments are included in the supplementary material.
For compound IV (Table 6) , there were submissions from eight participants, of which two were judged to be correct using non-indexed powder data. These correct structures occurred in the full energy lists at ranks 5 and 9. There was the complication that some participants used a unit cell obtained by indexing the powder pattern, which was not the original idea of the test; unfortunately it was not possible in the limited time available to produce simulated patterns with such peak broadening as to prevent indexing. Some other participants did not index but re®ned the cell obtained from their predictions using Rietveld re®nement. Using indexed or re®ned cell data there were three more correct predictions, at energy ranks 9, 31 and 209.
For compound V (Table 7) , there were submissions from seven participants, of which two were judged correct using non-indexed data, at energy ranks 9 and 70. There were a further two correct predictions using indexed cells, both at energy rank 5.
For compound VI (Table 8) , there were submissions from three participants, none of which were successful using nonindexed data. One submission was successful using the indexed cell, at energy rank 79. (Another participant, after indexing, used a real-space structure-solution program, which, not surprisingly, produced a correct solution.)
Conclusions
Considering the combined results of CSP1999 and CSP2001 (Table 2) , we can say that, for the rigid molecules I, II, IV, V and VII, the occurrence of predictions with an accuracy of a few percent in the cell dimensions represents signi®cant progress. There was also a success with one¯exible molecule, III, having two degrees of torsional freedom. If the arbitrary rule of submitting the best three structures from each method had been extended to six structures, say, the success quota would have been notably higher. However, it cannot yet be claimed that any of the methods used is consistently reliable. The total absence of success with molecule VI, which involves exibility in only two torsion angles, is notable. Note also that if the rule had been to allow only one submission then six structures would be removed from Table 2. In so far as an observed crystal structure represents a minimum in lattice energy, we need better search algorithms for¯exible molecules and more than one molecule per asymmetric unit, and more accurate models for intra-and intermolecular potentials. In some cases with two molecules per asymmetric unit, a solution is currently possible, provided one is prepared to spend the greatly increased time searching the larger parameter space. Such time will become available as computing power increases. Methods that have already enjoyed some success will become more successful. We hope that within a few years reasonably accurate and reliable crystal structure prediction will be possible for rigid molecules containing C, H, N, O, S, P and halogen atoms. Dif®culties will remain for crystals with uncommon space groups or with several molecules in the asymmetric unit.
To include the role of temperature on crystal structure and properties, we need to compare free energies rather than lattice energies. Reasonable estimates of the vibrational enthalpy and entropy contributions are already available through lattice dynamic calculations, but contributions from other sources, such as impurities, vacancies, grain boundaries and the like, will long remain intractable.
Crystallization of a compound from solution or from the melt is a non-equilibrium process, the outcome of which is determined at some degree of supersaturation or supercooling by formation of viable nuclei. These need not be those of the most stable structure, and hence there is no guarantee that an observed crystal structure is the thermodynamically stable form under any given conditions (Dunitz & Bernstein, 1995) . A full dynamic treatment of the nucleation and growth stages is therefore called for, but that level of evolutionary modelling is beyond our wildest dreams at present.
The Cambridge Structural Database consists mainly of crystal structures for those polymorphs that form suitable single crystals and were obtained under normal laboratory temperature and pressure. As this database grows from its current 250 000 entries at a rate of about 10% per year, the pattern information latent in it may become useful for selection of the most likely polymorphs from low-energy sets (Desiraju, 1995) . However, it must be said that experience so far suggests that the database is still too small in that there are often insuf®cient examples of speci®c types of compounds and substituents when faced with a particular prediction challenge.
In conclusion, the results of these CSP blind tests have provided an objective evaluation of the possibilities and limitations of current methods of crystal structure prediction. Crystal structure prediction, although beset by fundamental and technical dif®culties, is no longer scandalously hopeless.
